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PEG PALMER: Thank you so much for joining us for this event. We appreciate your feedback and your topic suggestions. So now it is my great pleasure to introduce today's speaker, Dr. Bauer. Dr. Bauer is the Director of the Lab for Neuroimaging and Vision Science and an Assistant Professor of Ophthalmology at Massachusetts Eye and Ear. 
Her research focuses on understanding how the visual dysfunctions observed in Cerebral Visual Impairments, or CVIs relate to brain structure and function. Following a master's in bioimaging, she completed her doctoral studies in neurobiology at Boston University School of Medicine. She then completed a postdoctoral fellowship studying the changes in neural networks associated with congenital ocular vision loss. 
Dr. Bauer became faculty at Harvard Medical School in 2015. And since then, she has sought to apply advanced MRI techniques to study the long-term neurodevelopmental consequences of early brain injury, specifically targeting white matter, neural networks, and the thalamus. Corinna's research also investigates the relationship between brain structure and function with performance on assessments of higher order visual processing in individuals living with cerebral visual impairment. 
And for those of you who haven't had the opportunity to meet Dr. Bauer, let me just say, that don't let her bio intimidate you. She is the nicest, most gracious, kindest person you could meet. And she actually just speaks like normal English too, which is amazing. So with that, I give you Corinna. 
CORINNA BAUER: Thanks, Peg. I think some of you might say I speak normal Canadian English. Who's to say what's normal English, anyway? Thanks for that lovely introduction. And thanks to the organizers for having me speak to you guys again. As we were waiting in the waiting room, we were saying that I think it was about a year or so ago when I gave the partner talk to this on the ventral stream. So hopefully, now we have this set of bookends for the dorsal and ventral visual streams in the context of CVI. 
So I hope this has been informative talk today. And I'm hoping that today we will go through-- let me get my slides. There we go. Review the brain regions and networks within the brain that are involved with and underlie specific dorsal stream functions. And then we're going to talk about what is some of the evidence in the literature and in the research realm also for the dorsal stream functions that are often impacted in individuals with CVIs. 
And what I'm hoping also comes across is that the dorsal stream impacts, not just the development of vision, but also multiple areas of a child's development and functioning. So again, taking into the picture the whole individual. 
All right, so when we talk about the dorsal stream or the dorsal visual stream, we're talking about how we use our vision to interact with our environment. Sometimes, the dorsal stream is referred to as vision for action. So here's a picture on the right side of the screen of a little baby wearing these green-striped onesie pajamas. 
And this is a nice summary of how the dorsal stream functions and many of the different functions on the dorsal stream rather. So we see this little baby in the green pajamas. And we can see that they are sort of in this crawling, kneeling position reaching out to grasp this spinning top as it processes are on the floor. 
And so there are a lot of different aspects here going on. So the baby is attending to the top. We can see that they're looking at the top. We can see that they have an awareness of their visual spatial environment. So they have depth perception. They know how far away the top is. 
There's also motion processing going on. So the talk is spinning around. And as it spins it's also moving through space. And based off of that information, they have to adjust, not only the shape of their hand, but also where their hand is in space based off of where the top is and where it might be ending up. 
Then finally, this is also a nice example of how the dorsal and ventral streams interact. So this baby might not necessarily have internal representations of things yet, but they might recognize this as an object that it enjoys playing with or that's cool. 
So where is the dorsal stream in the brain? So here I have just a side view and a middle, cut your brain in half and look at the inside, view of the brain. I've gone through manually and kind of isolated the different lobes in the brain, and then put a color to them just to make them easier to differentiate. 
So at the front here we have this little cartoon eye. So our eyes take in the information from our environment, visual information. And it first goes to the lateral geniculate nucleus in the thalamus. So the thalamus is right in the middle of our brain. It's an important relay center for sensory information and also is involved in the modulation of that information for acting on and so on and so forth. 
So from there, it goes through the optic radiations back to the occipital lobe seen here in this purply blue color. And then from the occipital lobe, it goes in a few different places. So one of them is the ventral stream, which we talked about last time, going through the temporal lobe seen here in pink. 
And now today we're going to talk about the dorsal stream. So the dorsal stream involves certain parts of the occipital lobe, the parietal cortex, and then as we get into higher functions like visual attention, then it also starts to involve areas like the frontal lobe. 
So I think this is also important to recognize too that depending on where a brain injury or brain damage might occur, that can have implications for what types of visual behaviors might be impacted. Not just where it is, but also how extensive or how large a brain injury is. As well as when during development it happens because there are different neurodevelopmental processes that happen at specific time points during development in utero and also once we're born. 
So with that in mind, dorsal stream does vision for action. So it governs, not just how we use and interact with objects, but it's also important for things like visual search, so then we can see where things or people are in space. Then we can navigate to them or around them. We can navigate within our environment. That sort of thing. 
It's also really important for visual motor integration and visually guided movements. Things like catching a ball, with that baby going after the spinning top, and also for motion perception. And we're going to talk about motion perception a little bit later on. As you can then imagine, these visual functions are not just important for the development of our vision, but also for, again, the development of the whole child. So multiple aspects and domains. 
So spatial navigation, fine and gross motor development, learning, cognitive development all of these and some other functions as well, really can be tied in then to the dorsal stream processes. So how did these brain regions develop during childhood? We're not born with a fully mature cortex. So how do these develop over time? 
So this was this study, a pretty famous study, was published in 2004. So what we have here, are the series of images of the brain. So on the top is a row of the right hemisphere, essentially looking from the side. And then on the bottom row, we just have a top-down view of the brain. So the different colors on the brain, essentially, represent the gray-matter volume and whether or not it's at adult levels. 
So we have between 5 years of age all the way up to 20 years, going from left to right. And what you can see is that the primary cortices, so we can see that nicely on the top-down view, the primary motor and sensory cortices tend to develop sooner than the frontal and the parietal lobes. And yet, by the time we get about 20 years, many of these brain regions have reached their full maturity. 
So what this has implications for is that the brain regions associated with the dorsal stream again, the occipital, the parietal, and some frontal areas don't reach full maturity until adulthood. So this is some implications then for potential time frames for plasticity, as well as what neurodevelopmental processes might be impacted at certain time frames. So what do we know then about the dorsal stream processes in the case of CVI? 
Here's this figure that Dr. Dutton was kind enough to share with me. This is his tree of vision, which I'm sure many of you are familiar with. So here at the roots, we have the information coming in from our left and our right eyes. So we can see that the optic nerves, essentially, meet at the optic chiasm. And that's where a portion of the fibers from each eye will decussate giving us our left and right visual fields. 
And then from there, the information goes back to the primary visual cortex, where things like contrast, color, acuity are initially processed. And then again representing our ventral stream with specific brain regions for facial expressions, recognizing people, recognizing people's facial features, and then putting them together to be that person. 
Animals, objects, tools, shapes, words, letters, numbers they all have specific brain regions associated with them. And likewise, then we have our dorsal stream. So in the dorsal stream, as we'll talk about in a minute, there are a few different sort of main branches. So one of them is to do with motion and the visual guidance of motion. And then there's a whole section and whole big networks involved with visual attention. So those are two things-- well, three things, that we're really going to focus on today. 
So first motion perception in CVI. So why am I talking specifically about motion perception? Motion is a key dorsal stream function. And there's a lot of evidence in the literature for impaired motion perception in those with CVI or in conditions suggestive of CVI, or like in those who would be at an increased risk of CVI, such as those individuals with periventricular leukomalacia. So here are just a few of those papers here just as examples. 
We also hear this a lot from parents, teachers of the visually impaired, and other interventionists, as well as from individuals with CVI themselves that sometimes they might have challenges seeing fast-moving objects or slow-moving objects. Or they might not be able to see things very well unless the object or they are in motion. So there's lots of different ways that it can be impacted. 
And not just that, there are a lot of different types of visual motion. So if you suspect that someone has a challenge with visual motion, you have to think, OK, well, what type of visual motion? And it's important to recognize that because then that can have implications for what intervention and compensatory strategies might be put into place. 
So there are lots of different types. I'm going to just briefly mention four of them today. One of them is called optic flow. So this is an example up here of optic flow. And it's essentially, the way that our visual field, and our visual environment changes as we move through space. So as I move forward, my visual environment will move behind me. So that's an example. 
The next is biological motion, and our visual system is really good at picking up biological motion. So there are these things, point-like dot figures of where there's essentially a little light at each one of our joints. And from this little bit of information, we can see what a person is doing. So here is riding a bike, doing Jumping Jacks. We saw it before crawling, walking to the left or to the right. 
And our visual system is so good at this that there are a number of publications that suggest that we can even, from just this little bit of information, tell whether or not the person walking is old or young, male or female that sort of thing. So that's pretty cool. 
We can also get structure from motion. So this is a task that's published a lot by Atkinson and Braddock called a ball in the grass task, or it's kind of like a glass pattern task. And this is just a static image of it. So I couldn't find one where it was actually moving. 
But there is a black screen with all these little white dots. And the white dots, some of them form a circular pattern and some of them are moving in a circular pattern. And so what you end up doing is you get structure from motion. So essentially object recognition from that motion because they're all moving coherently together in a circle. So that's a ball in the grass task. 
So then there's also visual attention. So when this one star was going all on its own, we would visually attend to that more than the others. Sorry, I can't get it to play. Oh, there it goes. Yeah, so when this one star is moving, we immediately attend to it, at least, at the beginning compared to the other ones that are static. 
All right, so brain regions involved with optic flow. Again, optic flow being how our visual environment moves as we go through space. There is a whole big network of, not just cortical regions, so the cortex, again, being that outer layer of gray matter and also subcortical regions. Things like the thalamus would be considered to be a subcortical region. 
And so it's important to recognize that it's a network of regions and not just one region because that means that injury or involvement of any one of these can potentially impact optic flow. And one of the main regions is the area MT or V5. 
So in 2021, Bhat and colleagues published this study of object flow in those with CVI or at risk for CVI. And their stimulus was shown here in C, So it sees black and white dots, and the entire screen is moving in a circular pattern. And what they wanted to do was see how performance on their optic-flow task, corresponded to the thickness of specific optic-flow sensitive brain regions. So what that means is brain regions that are essentially part of this network. 
And so what they were specifically looking at is which regions are drivers of this in so far as if the thickness is higher, so does that mean that the people with CVI perform better or worse on the task? So what they found so the regions that they looked at are shown here in A and B. So we've got our early visual areas. And in B we have some areas in the parietal lobe as well as area of V5 or MT. 
So what they found was that it was really these early visual areas where there was a significant correlation between the thickness of that region and performance on the task. So in this case, a lower score means better performance. So we found that a lower score was more often occurring in those with a thicker cortex in area V1, V2, and V3. So those early visual areas. Whereas, there was really no significant relationship with area MT, which was a little interesting. 
So this work led by Lofti Merabet and Zahide Pamir looking at optic flow and neural networks in CVI. So for this task, it's kind of hard. It's kind of small to see, but essentially, there were these dots that were either contracting into the middle, so going into the middle of the screen, or expanding out. And the proportion of dots that were moving in a coherent fashion was altered. So essentially, we were looking for the threshold at which the individual performed above chance level. 
So in controls, in the white box, we see that the average was around 12%, 15% of the dots moving together to correctly identify the direction of movement either being in or out. And for CVI, that average was around 45% of the dots. So a significant increase in the amount of dots needed to be able to perform the optic-flow task. 
And one of the things I really want to point out, is that the CVIs, the best CVIs and that those who had the lowest threshold performed better than the worst controls. So this tells a couple of important things. First, it says that not all individuals with CVI have challenges with optic flow. And I think that's really important to recognize because each individual with CVI is indeed an individual. And they will have their own unique set of visual behaviors that are impacted. So that's one of the main take homes. 
And so one of the other things that we wanted to then look at is, seeing as there's a whole network of brain regions involved with optic flow, we wanted to look at the white-matter connections between these. So here is this sort of network diagram, hypothetical, network diagram. So I'll just orient you to this just quickly. 
So at the front, we have our eyes. That's the retina. At the back is area V1. So, you'll notice that there are these orange and blue lines between all the little boxes. So the blue lines represent connections between cortical regions. So again, the cortex being the outer layer of gray matter. And gray matter is where the main machinery, I guess, is for the cells in the outside of the brain. So if we think about the brain in terms of cities, so that would be like the houses and all of that. And the little blue lines would be the roads connecting them. 
Orange lines are the connections between subcortical structures so the thalamus, the amygdala, other regions like in the center of our brain. And those are subcortical regions, and so the oranges represent the connections between those and the cortical regions. 
So I want to point out two things, in particular, that we were looking at based off of this. So there two of these regions are in the thalamus, and they have direct projections or direct roads to area V5 or MT, which is one of the motion sensitive regions. And there are also direct connections in between early visual areas, specifically V1, and also that V5. 
So that's what we want to look at in CVI and controls to see was there a difference in the size of these pathways and also, did that correlate to performance on the optic-flow task. So here's data that I was able to generate. So in A we have representative connections for the cortico-cortical connections, so those between V1 and MT in a control on the left, and someone with CVI on the right. 
And what we can see is that there is a reduction in the volume of the pathways in CVI compared to controls for the cortico-cortical connections. In B we see the connections between the thalamus and the area MT. And so this is kind of a funky view, but imagine if we took like a big wedge out of-- like a wedge out of the side of our head, that's essentially what we're looking at kind of down in like this. So then each of those connections here, and it looks like they're relatively similar between the two groups. And that's how the stats played out as well if I recall correctly. 
So then we looked at the correlation between this and our optical behavior. So within our participants, we saw that there was this significant negative correlation between the volume of the pathway between V1 and MT, so this one on the top, and performance of the task. So essentially, the larger the pathway was, the better you did on the task. 
So next I want to switch gears a little bit and talk about visual motor integration and visual spatial processing. So this is important because this enables us to coordinate our visual perception and fine motor control. So here's one example of that. 
So here's a picture of a child in, probably, elementary school age. It looks like they are tracing around an object or coloring in the lines or something like that. But we can also see that they're using their vision to guide where they're moving that pencil. So this is just one example of visual motor integration. Another example would be catching a ball or something like that. 
And this is important because it's a complex task because it really involves, not just being able to detect the visual stimuli correctly, but also being able to interpret that information in order to direct coordinated body movements. And we know from the literature that those born preterm or with early developmental brain injury, are at an increased risk of challenges with visual motor integration. 
So what are some of the brain regions involved? As you can imagine, this is a complex task and it involves lots of different behaviors. So it also involves a lot of different brain regions. 
So this is the just a hypothetical diagram from a paper by Atkinson from 2017 which shows a lot of the different brain areas and their connections that are required for successful reaching and grasping that sort of thing. So you can see that there are areas in the frontal cortex, again, right in the front of our brain. The parietal lobe at the back, and then the occipital cortex at the back as well. 
One of the things I want to point out is that-- I'm interested in the thalamus. And so the thalamus plays an integral role in visually guided to reach and accurate visual guidance of our limbs. And I was at a conference presenting some data on CVI. And it was a neuroscience conference. And there are a lot of individuals there who do like really hardcore neuroscience like with cell recordings and stuff. 
And this woman came up to me and she said, that in their monkeys, with certain lesions or certain brain injuries, they demonstrate that same look, reach, look away behavior that some individuals with CVI present with. I thought, oh, that's really interesting. So I went and looked up, and it was indeed, the pulvinar, this the thalamic nucleus, which is involved. And so when, in animal studies, if there's a lesion there, then they have this atypical reach and look pattern. 
In humans it can be really challenging to get an injury that is only to the pulvinar, but there was one case, a patient MB, who had a very focal lesion to the pulmonary. We can see that here in the picture on the right. This is a brain scan. And I don't know if you can see that little bright dot. My mouse is right over it. And that is in the pulvinar. So it a lesion only to the pulvinar. 
And they did a series of behavioral tests on patient MB to see what does this mean in terms of visually guided reach and visual-motor integration. So they found a few things. So first, when we look at the-- they had them do one of the tasks was a saccade task. So in the task, they had to start in the center of the screen and then move their eyes in these fast saccades to various points. 
So here's a control on the bottom. We can end up with the black lines. And you can see the control. Their saccades go all the way to the target in most of the instances, whereas, in patient MB, he has these hypometric saccades. So they essentially fall short of the target consistently. So he doesn't actually move his eyes all the way to where the target actually is. 
In addition, he had a few other abnormal behaviors in terms of the visually guided reach. So it wasn't just his saccades that were impacted. It was also things like how accurate he was when he reached. There were increased inaccuracies. His hand shape was slightly off, and these sorts of things. 
And we see this also in a lot of individuals with CVI. We know this is an image taken from CVI Scotland, which I think, shows a lot of every day examples, I think, of how visually guided reach can be impacted. So optic ataxia, so difficulty reaching and moving through 3D space. 
So in optic ataxia, our perception of 3D space to guide our movement is in some way altered or degraded. This can be reflected in reduced accuracy of or visually guided movement, of our body, and/or our limbs, so can be trunk, limbs those sorts of things. And it's often related to damage to the posterior parietal lobes. So we have our thalamus can impact visually guided reach as can the parietal lobes. 
So here's a few different examples of how this can be manifest in reaching for a glass. So here is a picture in A. This Is what you would typically expect. So there is this little cup of water with, I think it's baby Mickey Mouse on it. And we can see that the person's hand is in this stereotypical C shape going for the cup. And it's exactly the width of the cup, not too wide, not too narrow. 
So a few different ways in which optic ataxia can manifest is one, the gap between the thumb and the fingers can be a lot wider than the actual cup. So there's that visual information that the size isn't getting there. It might be that we reach out to the top of a cup instead of the side. Or we scoop it up instead of actually going in with a grip to go in the middle. 
So as you can imagine then, if you have challenges with visually guided movement of limbs, it can be pretty frustrating. And so CVI Scotland does a really great job, I think, of talking about how visual behaviors and challenges with visual behaviors can make an individual feel. So they talk about these leading to feelings of clumsiness, maybe anger, confusion, embarrassment these sorts of things. 
So I think that's also important to recognize, as we're working with individuals with CVI, that it's important, not just to think about their visual behaviors and how that impacts other areas of their life, but also how it impacts their emotional well-being as well. Sorry, just a little plug for that. 
So here's a video from the Texas School for the Blind and Visually Impaired. So this is showing one of the movements, like visually guided movements that is seen and reported a lot for those with CVI. So here's this girl. She is with another individual and looks like there's a carton of milk or lemonade or something that she wants to add to her cafeteria tray. 
And I want you to pay attention. I'll play this again, but I want you to pay attention to-- So there, her attention is now on this carton of milk. She looks. She makes contact. She kind of fumbles with it, right? The hand shape isn't quite right. And then as she makes contact with it-- sorry, I'll get my-- as she makes contact with it, she looks away. So here she is. She makes contact with it, starts to grasp and fumble with it, and then looks away before she actually fully grasps the object. So that's one example again, that we see a lot and hear a lot about in terms of visually guided reach in CVI. 
So how can visual-motor integration and visually guided reach be evaluated? And so one of the classic ways is through the Beery visuomotor integration subtests. So this really assesses your ability to integrate visual information and motor skills. So there are a few different subtests. Here are just two of the examples. 
So in A, A and C represent the copying. So they're pretty simple shapes triangles, square, x, plus sign, slanted lines. And then you just have to essentially copy them below. And then B and D represent motor coordination and tracing. So in these different scenarios there are different shapes, and essentially, you just have to trace from the black dot to the gray dot and stay within the lines. And the third sub test then is for visual perception. And so you have to identify geometric shapes of increasing complexity and identify the match. 
So that's a great pencil and paper task that's widely used and has a lot of normative data. But on the research side, there was a group looking at, essentially, differences in anticipatory visual patterns in kids with hemiplegic CP or cerebral palsy, and those who are typically developing. And so they wanted to assess, essentially, visual motor coordination in this population of kids. 
So they were looking at the role that vision played in planning and executing a goal-directed upper-extremity or arm movement and action planning task. So as you can see, so here's one of the participants in the study. They are well supported and seated comfortably on a chair. And they have an eye tracker, a head-mounted eye tracker. And then there is also, which you can't see in this picture, but there's also a video camera also to monitor their movements. And they have sensors on their joints as well. 
So what they had to do was, first they had to reach and grasp for this object in a fixed position. And then they were instructed to move it to one of six possible target positions. And it was indicated based off this lighted cue that you can see here. So the first stage was first reaching out and grasping the object from its starting position, and then they had to move it to the target location. 
So what they found was that those with hemiplegic cerebral palsy demonstrated deficits in the integration of visual information with motor output. So what specifically they saw, was that there was a longer anticipatory gaze. So they took longer to essentially plan out where they were going to move the object, so what path they had to take. And it took them longer to also start to initiate that movement. 
Not only that, there was this delay then in the coupling of the eye-hand movement. And then there was also this increased frequency that they observed in the patient group for the visual monitoring of the movement. So they had to continue to check back on how they were doing. So why might this be? 
So there are again, a theme. There's a lot of brain regions of the brain networks involved with these tasks. So this was a study done by one of my colleagues, Christos Papadopoulos. He has areas of expertise in using magneto encephalopathy so MEG, as well as EEG. So in this study, they used MEG to investigate what cortical regions, again, what gray-matter regions, were involved with performing a visual-motor integration task. And this was just in a sample of healthy adults. 
So they had this task was like a pinch motor task. And it had visual feedback essentially. So what they did was they looked at a network of different brain regions. So here some of them are shown on the brain slices on the left. The colors just represent where those brain regions were and how involved they were with the task. 
So what they then looked at was they had a motor alone task. They had a vision alone task, and then the visual-motor task together. So they were looking at how the connections essentially between the brain regions differed in terms of their strength for each of the different three conditions. 
So in the motor condition and in the visual condition, the regions within the network were a lot fewer and less involved, but when we talk about the integration of the visual-motor tasks together, then all of a sudden we see that there are these visual areas at the back, the inferior frontal gyrus. So the lower portion of the frontal cortex. That was very heavily involved as was area MT, as well as some motor planning areas. So there was this big network involved when we were talking about the integration of vision and motor planning. 
We know that these areas are connected through a lot of different white-matter pathways. So Chris and I, a few years ago, did this study looking at these pathways in a small sample of individuals with CVI due to periventricular leukomalacia. So it is a white matter injury around the ventricles. So here are, on the left, this like a computer representation of the brain and the different colored regions are the different areas that we looked at in terms of how they were connected. 
So there are three main pathways that are often talked about that play a role in the planning and execution of a visually guided motor movement. So they are, from top to bottom, the frontal aslant tract. This connects top to bottom areas in your frontal cortex. In the middle column middle row here is the inferior frontal occipital fasiculus It's a mouthful. Just the IFOF. And that connects parietal and occipital regions to the frontal cortex, but it kind of wraps around the outside of your head pretty much. 
And then there's the bottom row then is the superior longitudinal fasiculus or the SLF. And that again, connects parietal occipital to frontal areas, but going kind of dorsally along the top. So we isolated these in our sample of those who were typically developing and then those with CVI due to PVL. And we saw that there was reduced volume in both the two long-range pathways. So the SLF and the IFOF, but not in the frontal aslant trap. So that tells us that this might be one of the neural correlates associated with visual motor integration challenges in those with the early brain injury. All right. 
So in the sake of time, let's move on quickly then to visual attention. And I wanted to talk about this in particular because this is, again, something that we hear a lot about from parents and those with CVI. And it's also in the literature a lot as being impacted in those with brain injury, whether or not they're in children or in adults with stroke, traumatic brain injury these sorts of things. 
And attention, in general, is really important for filtering out non-relevant information so that we can really hone in and focus on the task at hand, whether or not that be visual, auditory, a combination of the two or something completely different. And in the visual realm, this is important for a lot of different ways. 
So we're coming up to Halloween. And so let's say your child might want to dress up like a tiger, just a silly example. So here we have a plastic mask of a tiger face. And so it's really easy to see as that's, essentially, the only thing on the screen. So let's say, though, that our child has to find it in and amongst all of the different items in their toy box, and they've got lots of different dress-up costumes. 
So the same mask is really hard to find when you also have a giraffe. You've got Duplo blocks. You've got other costumes as well. So it might take a little bit longer. And this is one of the functions of visual attention is visual search. We're going to talk about this on the next slide, but visual attention and visual search are also important for day-to-day activities like after-school pickup, finding your parent or your caregiver in a crowd of individuals. 
In the classroom, visual attention is important for things like sustained attention being able to focus on something long enough to be able to complete that activity. So here's a picture of a little girl doing some simple arithmetic on the blackboard. So there are various models or theoretical models about visual attention or just about attention in general. 
And one of the famous ones is called the Posner model. So here we have selective attention. We've already talked about this just a little bit. Our ability to search and find. Sustained attention then is the ability to maintain focus, like the little girl in the math problem. 
And there's also divided, or dual attention. So this is our ability to simultaneously attend to multiple things at once or different types of stimuli. So being able to look and listen at the same time, being able to talk to someone and watch TV, or being able to crochet or knit or sew on a button, again, while we're watching a TV program or talking to someone, those sorts of things. 
And we've heard time-and-time again, and also see in the literature that each of these can be impacted and is often impacted in individuals with CVI, but again, it's important to characterize which type of attention is impacted and to what extent. So then either you can leverage on what skills are easy to be able to then develop compensatory strategies, or then you have targets for what you should evaluate and also potentially work on with that specific individual. 
So we're going to just talk mostly today about selective attention or visual search. So I have an example here. If we were all in a big room together, This would be a little bit more effective, but at home together, I want you to just keep a mental note of how long it takes you to find the red L. Ready? 
I trust most of you have found this already. If you haven't, it's here circled in the white box. Now this was pretty easy because there was only one red thing on the screen. It popped out. It was the only defining feature. And all the other Ls are this sort of pale blue on a dark blue background. 
So now I want to repeat the task again. And I want you to think about some various reasons why this was a little bit more difficult. OK, here we go. OK, so if you haven't found it yet, again, it's here in the white box. But it was a lot more difficult for a few different reasons. 
So again, we have the same dark-blue background. We have the same red L, but we also have red Ts and we have blue Ls. So before we had all L's were some blue ones then the other one was red. And now there is a lot more stuff on the screen in general, but we also have other red objects. And we have additional blue objects as well. So it's just a lot more difficult. So this is something called a conjunction search paradigm, where the target is defined not just by form, but also by color. So two different features. 
So we wanted to then look at visual attention and visual search in those with CVI in our studies. So we first did this in a qualitative manner. So just to get a sense of how many individuals in our study had either a self report or a parent report of challenges with visual attention. So to do this, we used the CVI questionnaire from Alice Ortigas and her group. 
And so this is a nice tool to use because it's binary. It's a yes/no answer. And there are various domains of vision and visual processing that are targeted. And one of those is visual attention. So there are nine different questions geared towards various different aspects of visual attention. So in our sample, all of the participants with CVI reported at least two challenges out of a possible nine with visual attention with an average of about four positive responses. So this gave us some pretty solid evidence to say that visual attention is frequently impacted in individuals with CVI. 
So we want to then test this conjunction search paradigm. So we had 26 individuals so far with CVI and 27 control. So a somewhat decent sample size. And again, so we had this conjunction search paradigm. So this time we had black and white letters on the screen on a gray background. And we did this on purpose so that we would get rid of any potential color effects because we know that sometimes individuals might have challenges seeing certain colors. So we want to get rid of that effect. 
So here, we say, when you're ready to start this trial, you'll find the target. In this case, the target is a white H. So we have two main outcomes. The first is the search time as a function of set size. And set size is just the number of different letters that are on the screen. So we measure how long it takes the person to find it, and then we also measure accuracy. 
So let's start and look at the group data here. So controls are shown in blue. And then the CVI group data is shown in orange. So I want to first look at the control data. So as we look at their reaction time from increasing set size, so from 1 element on the screen up to 32 different letters on the screen, we see that there is an increase in the reaction time. This increased in slope. 
And that is a standard phenomenon. It's well reported. So we know that our controls are performing as they should. So in the CVI data in orange, we see that right off the bat, they take a longer time to find the target even when it's the only thing present on the screen. And we also see then that the slope of the line, so the steepness of the curve, is a lot greater in CVI compared to controls. 
So what this tells us is that there's a greater impact on clutter, essentially, on search time. So it's really nice that this quantitative data is really backing up the evidence that we got from the questionnaires as well as the reports that we hear from parents and teachers and those with CVI. There's an impact of clutter. So it's nice that the data really backs that up. 
The other thing that was really interesting was the impact on accuracy as the number of different letters increased. So controls were performing pretty much at ceiling, so practically at 100% the whole time. And CVIs started out at 100%, but then as more and more different letters got added their performance got worse. 
So again, what are some of the brain regions that are involved with visual attention and attention in general? So there are two main networks. They are the dorsal and ventral attention networks. Not to be confused with the dorsal and ventral visual streams. They are different. So these two attention networks. 
So the Dorsal Attention Network, or the DAM, I can see the wiring diagram over here, is connected through a couple of different pathways, but the main one is the superior longitudinal fasiculus or the SLF. We saw that earlier in the slide on visual motor integration. 
And the dorsal attention network, I should say, is involved with the top-down guidance of attention. Whereas, the Ventral Attention Network, or the VAN is more of the bottom-up governance of attention. And so that also has its own brain network. As you can imagine, though, these networks don't operate in isolation, but they interact with one another, again, in another complex network. 
So here we have our ventral, our VAN in purple, and our dorsal attention network, or DAN in green. And we can see that they're connected not just to one another, but also to other brain regions so. subcortical regions, a couple in the thalamus, superior colliculus, which is really important for reflexive eye movements. And then we have visual areas. So they're all integrated together and interconnected. So this is important for a few different things, but one of the things that this is important for is it, again, shows that there's a lot of brain regions. So injury to this distributed network can impact visual attention in some way. 
So we want to then look at the superior longitudinal fasiculus, again, the pathway that sort of underlies both of these attention networks in slightly different ways. So here, this is some diffusion tractography data. Again, I went through and virtually dissected the pathway for control and CVIs. And we can see even just qualitatively, so just by observation, that it appears that control has a much more robust pathway as compared to CVI. 
And indeed, when we go and look at the group data, we see that there's a significant reduction in the volume of this pathway in CVI compared to controls. So CVI is shown here in orange and the controls in blue. And on of the other things we can do, is we can not just characterize the size of these pathways, but we can also look at the quality of them by using an MRI-based marker of something called myelin. 
For those of you who don't know, myelin is this fatty substance that wraps around the axons in the brain and lets information travel more quickly from point A to point B. So an unmyelinated pathway would be kind of like a bumpy dirt road in the country, like a railroad. And then a myelinated axon would be like a four-lane highway, like the 401 or the Bass Pike, or something like that. 
So what we see in CVI, is for this pathway for this marker of myelin called radial keratosis, is that there's again, a significant reduction in this marker in CVI compared to controls. And that's in both sides of the brain. So what does this mean? 
So here we have, again, some structural evidence supporting potential challenges with visual attention in CVI. So how does this potentially manifest? There are a lot of different ways that we might be able to observe visual inattention. So these are just a few of them that I want to talk about today. 
So it could mean that an individual might have challenges finding an object or a person in space. It might mean that this is challenging when there's lots of background clutter, whether or not that clutter is noise or visual clutter, or it might just be that they have a hard time finding things even in isolation. It might mean that people miss important information because they're focusing too much on the wrong thing or an irrelevant thing. People might get easily started startled. 
It might be difficult to maintain visual attention over an extended period of time. This is something that, again, we hear a lot about. And it might be challenging then to focus on two things at once, particularly if there's multiple sensory modalities involved. And so this, when you're not able to necessarily focus on two things at once or see multiple things at the same time, is a thing called simultanagnosia. 
And so oftentimes patients with simultanagnosia have damage or injury to the posterior parietal occipital cortex. And so there are a few different ways to assess this and test it. But one of them is through-- this is an overlapping figure's task. 
So in A, we have different figures in isolation. So we have a pentagon, a triangle, a red circle, a star, and I don't know how to describe this shape A. It's like a comet or a spaceship or something like that. In B, we have the figures that are kind of all inside one another. So we have a hexagon on the outside with a square immediately inside that, and then a heart, and then a house. All sort of inside of one another like one of those dolls. 
And then in C, we have an example of all of these different shapes about the same size all stacked on top of one another. So there's a cross, a circle, a triangle, and a star all stacked on top of one another. And so there's a lot of literature about this in various different conditions related to aging or development. And we can see that this is data from mild cognitive impairment, but we can also see that the overlapping condition is much more challenging for those with difficulties and simultanagnosia than the condition where everything is side by side. 
So I hope that this was informative and helped you get a sense of what aspects of the dorsal stream might be impacted in CVIs and potentially, some reasons as to why based off of the neuroimaging data. So thanks for your attention. Thanks again for the opportunity to talk to you guys today. 
Thank you to our funding sources, our participants, and all of our collaborators throughout the world, really, so, yeah, thanks. And I think, Peg, do we have time for some questions? 
PEG PALMER: I think we do, yeah. Thank you so much. If you have questions for Dr. Bauer, feel free to type them into the Q&A. Since I have the floor, I'm going to start with a question. 
CORINNA BAUER: Sure, shoot. 
PEG PALMER: Until someone stops me, I will just ask, one of the things. I was wondering if in the brain study, it's just the coolest thing ever to actually, after working with these kids for so long from the outside looking in, to hear about what it looks like from the inside working out, which you're giving us. And this is just amazing to me. 
So one of the questions that came to me when you were talking was, when you see the delays in processing, can you tell from your studies or do you just hypothesize, what's causing delays? And maybe it's different in each individual or maybe it's similar, but is it just slower processing? Is it thinner, less robust connections, fewer connections? Is it that they have different places to travel that make them have to go more circuitous routes? Or is it something totally different from that? What do you guys think about that? 
CORINNA BAUER: Oh, that's a fantastic question, Peg. And I think you gave a lot of different scenarios that I think are all feasible. And I think that's one of the challenges is trying to figure out what's going on and why. So we can, I think, talk briefly about each of those scenarios if I remember them all. 
So one of the ones that you talked about was, were there just less pathways? And the evidence so far is that in some individuals there are fewer pathways or the pathways aren't as robust as they might be otherwise. Particularly, in those who have direct injury to the white matter. 
But this can also impact, depending on when the injury occurred and where it occurred, it can also impact that process of myelination. So again, that substance that lets the information travel quickly from point A to point B. And so there are a few different MRI techniques that are used to look at myelin in particular. 
So I'm collaborating with individuals. As part of my new lab research, one of the things that we're looking at is this cool MRI marker for myelin. It was developed for patients with multiple sclerosis to look at the level of myelin in their lesions essentially. And so what we're doing then, is adapting this imaging technique then to study the long-term development of white matter in myelin in those with early brain injury. 
And so we have some preliminary data. I'm not quite ready yet to share the results because it's an ongoing study, but that's something that I'm really excited about because we can look at not just within specific regions, but we can also then look at this marker within specific pathways. So that's really exciting. 
Another technique which has been used by a lot of the lab as well as by other labs is that of EEG or MEG. That gives us a really nice temporal resolution. And we can see with more precision, essentially, the time in which the brain responds to different stimuli. So that's one of the ways that we can look at quantifying what that delay is in terms of the brain and how quickly signal gets from point A to point B. 
So that's a couple of different things. And then you also mentioned whether or not the pathways went to different places. And that's something that we're also actively trying to research. We know that in the motor system, depending on where and when the injury happened, that some pathways might be able to go around the area of injury and maybe find a different end point. But we're still trying to figure out how that happens in the visual system. 
So yeah, great questions. Did I answer all of them, Peg? 
PEG PALMER: I think you did, yeah. I think it also speaks to the fight that many of us have had over the years about, the look away or the latency of just letting the child do their thing, like this isn't something you can coax them, push them, reward them to change. This is their brain working. So let it be. And now we actually have the data to back that up. 


CORINNA BAUER: Yeah, a great point. Yeah, give time where more time is needed, absolutely. 
PEG PALMER: Can you see? There's a couple of questions. 
CORINNA BAUER: I can see. Can you speak a little bit to CVI due to drowning? I find very little recovery of vision in other skills compared to CVI due to other traumas. Yeah, that's really interesting that-- so I teach a class at UMass. And some of the discussions, it's really interesting to hear how certain causes of CVI seem to have somewhat different levels, I guess, of ability to develop and implement compensatory strategies. 
I don't know much about CVI specific due to drowning, but that would be essentially like a lack of oxygen, I would imagine. And I think, yeah, lots of different functions can be impacted. Again, I think it would depend also on the age. Peg, do you know much about, in terms of the recovery of function and different skills, that you might try and teach to someone with CVI due to drowning? You have a little bit more experience with that. Sorry, putting you on the spot. 
PEG PALMER: No, no problem. Interesting question. I've only had a near-drowning case, I think, once in my career. And I found the exact same thing. There was just, no matter what we did-- sadly, we didn't know a lot of what we now know. So I wish I could go back and try some of those things, but very, very little recovered. So I had the same experience, even though, obviously, thank goodness, it's not something you see a lot of. 
CORINNA BAUER: Yeah, I'll have to go back and check the literature and see if one of the reasons might be just that more parts of the brain are impacted but, yeah. That's a great question, and it's going to make me go back and look that up. So thank you for that. 
Heather asks, we homeschool our six-year-old girl with CVI and hearing loss. She's having a hard time with writing. We use highlighters and practicing the letter and tracing the letter to try to form motor memory. Do you have any testing and recommendations here? She has a gene mutation, she gives the letters, linked to hypomyelinating neuropathy and EMG testing soon. 
Well, thank you for sharing about your girl. She sounds like a wonderful little girl. And I'm not an interventionist, so I don't know if I can give you any strategies, unfortunately, for writing and word forming. 
Although, I will say, Nicola McDowell, and for the Austin Assessment on Twitter just posted something about teaching. I don't know if she's listening, but she can better explain this. And I would encourage you to look this up on the Twitter. But it was essentially, teaching like recognizing whole words. I don't know how you do that. Again. I'm not a teacher, but it might be worth a shot if you haven't done already . 
And then so far as testing, again, I am not a neuropsychologist. So I don't know what to recommend for that. Sorry. Peg, any suggestions? 
PEG PALMER: I was hoping you weren't going to toss that one back to me. 
CORINNA BAUER: Sorry. 
PEG PALMER: Mostly, early interventionist, but we could see if Mary Zatta might want to chime in on that one. 
CORINNA BAUER: All right. 
PEG PALMER: Let's see if Mary is, there we go. Here comes Mary. 
MARY ZATTA: Oh, Peg, I'm going to kill you. 
PEG PALMER: Sorry. 
MARY ZATTA: Honestly, I think that it's a great question to pose to CVI Now and/or on the Facebook group. 
CORINNA BAUER: Good suggestion, yeah. That's right. There's a few. Start Seeing CVI, there's I think two or three others. Yeah, that's a good suggestion. Post it there. See what other people have implemented, yeah. 
PEG PALMER: Yeah. I don't want to keep you too long, Corinna, so if you-- it looks like we might have-- do we have one more question? 
CORINNA BAUER: Yeah, I think there's just one more question about seeing similar movement problems in children who have autism that they might be related to observing movement. I am also not super familiar with the autism literature, but from what I understand, there are a lot of similar behaviors. And so that can be challenging to figure out, especially in those who have both diagnoses to figure out what's due to the CVI and what's due to autism. Yeah, great point. 
Yeah, so I don't see any other questions. So thanks again, for having me. And I'm looking forward to your upcoming talks that you have scheduled. 
PEG PALMER: Thank you so much again, Dr. Bauer, for being here and sharing with us and giving us this amazing book end. For those of you who hadn't caught last year's ventral stream talk, I know I've gone back and watched it several times. And every time I learn something new from it. So feel free to check that one out. 
And I really thank all the participants for joining us for their questions. And we look forward to-- we hope you found this to be informative. We thank, Corinna again and hope you will join us for future webinars. And with that, I will give you to Mary Zatta, who will tell you about our next webinar coming up. 
MARY ZATTA: Yes, so if you're on our list, you'll receive notification, but mark your calendars, November 16th, 3:00 PM Eastern, Mindy Ely, who is at the University of Illinois, is going to talk about the framework for how to structure an FVLMA that includes the ventral and dorsal streams. So it's very timely given today's webinar and the previous one. So please join us. 
